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,QWURGXFWLRQ
7KH VLPXOWDQHRXV HYROXWLRQ RI SODQWV ZLWK DGYDQWDJHRXV UKL]RVSKHUH PLFURIORUD UHSUHVHQWHG WKH SUHPLVHV RI
V\PELRWLFSDUWQHUVKLSVEHWZHHQUDGLFXODUV\VWHPVDQGP\FRUUKL]DO IXQJL 9DUPDZLWKFRYHUDJHRYHUPRUH
WKDQVSHFLHVRIVXSHULRUSODQWV7UHVHGHU7KHVHDVRQDOLQWHUDFWLRQVDPRQJWKHP\FRUUKL]DOFRPSRQHQWV
HQVXUHWKHQXWULWLRQDOEDODQFHZLWKLQWKHHFRV\VWHPVDQGWKHDGMXVWPHQWRIYHJHWDWLRQVWUXFWXUH$HUWVDQG+RQQD\
(KUPDQQDQG5LW].DLVHUHWDO0F&RUPDFNHWDO3HWHUVRQ7KHP\FRUUKL]DVKDYH
D VWURQJ DQG IDVW UHDFWLRQ WR GLVWXUEDQFHV /LX HW DO  HYHQ DW ORZ OHYHOV ZKLFK PDNHV WKHVH SRZHUIXO
FDQGLGDWHVDVWHFKQLTXHVWRSUHGLFWWKHGLVWXUEDQFHV6XQHWDO9LGLFDQHWDO
7KHLQWUDDQGLQWHUUDGLFXODUH[WHQVLRQRIK\SKDOQHWZRUNLVGLUHFWO\FRUUHODWHGZLWKWKHOHYHOIRUQXWULHQWVLQVLGH
WKHUKL]RVSKHUHDQG WKHDSSOLHG WUHDWPHQWHVSHFLDOO\IRU WKHFRPPXQLWLHVZLWKDKLJKQXPEHURI LQGLYLGXDOV IURP
YDULRXV VSHFLHV ;LDQJ HW DO  7KHVH DVSHFWV RIIHU WKH P\FRUUKL]DV D VSHFLDO LPSRUWDQFH DV LQGLFDWRUV LQ
DVVHVVLQJ WKH XQEDODQFH SDUWLFXODUO\ IRU JUDVVODQG HFRV\VWHPV /LX HW DO  6WLPXODWLQJ WKH DFWLYLW\ RI
UKL]RVSKHUH¶VPLFURIORUDSURYLGHVDSURJUHVVLYHFKDUDFWHUWRWKHHFRV\VWHPVSURFHVVHV3HL\XHWDOLQFUHDVLQJ
WKH XVDJH HIILFLHQF\ RI QXWULWLYH HOHPHQWV DQG HQKDQFLQJ WKH FRYHUDJH RI GRPLQDQW VSHFLHV 7KH PDQDJHPHQW¶V
LPSDFWRYHUWKHYHJHWDWLRQLVPRUHUHGXFHGLQWKHILUVWSKDVHWKDQWKHRQHREVHUYHGRYHUWKHPLFURELDOFRPSRQHQW
DQG WKH WULJJHUHG XQEDODQFHV LQ WKH HFRV\VWHP IROORZ WKH VDPH WUHQG2Q WKH RWKHU SDUW LQKLELWLQJ WKHPLFURELDO
DFWLYLW\PD\FDXVHWKHGHOD\RIGRPLQDQWVSHFLHVSURJUHVVDQGFRQVHUYDWLRQRIYDOXHIRUWKHYHJHWDOELRGLYHUVLW\E\
PDLQWDLQLQJZLWKLQWKHFDQRS\RIVSHFLHVIURPWKHERUGHUVRIHFRORJLFDOQLFKHV
7KHSXUSRVHRIWKLVSDSHULVWRGHILQHWKHOHYHORIGHSHQGHQF\RIFORYHUSODQWVWRZDUGVWKHV\PELRWLFDVVRFLDWLRQ
ZLWKWKHP\FRUUKL]DOIXQJL0\FRUUKL]DOHYROXWLRQLVDQDO\]HGLQGLYLGXDOO\IRUHDFKH[SHULPHQWDOYDULDQWDQGDWWKH
FOXVWHU OHYHO(IILFLHQWYDULDQWVDUHVHOHFWHGDV OHYHORI LQIOXHQFH LQV\PELRWLFDVVRFLDWLRQZLWK WKHDLPWRSURYLGH
VROXWLRQVWRPDLQWDLQWKHDVVRFLDWLRQWRDFHUWDLQYDOXH7KHUDGLFXODUSHQHWUDWLRQDQGWKHLQWHUFHOOXODUGHYHORSPHQW
DUHWDNHQLQWRFRQVLGHUDWLRQE\LQWHJUDWLQJLQWKHDQDO\VLVDODUJHGDWDEDVHGHYHORSHGIURPVKRUWWHUPH[SHULPHQWV
0DWHULDOVDQG0HWKRGV
7KH GDWDEDVH LV GHYHORSHG EDVHG RQ D VKRUW WHUP H[SHULPHQW SODFHG RQ D WHUUD URVD VRLO W\SH FOD\H\ KHDY\
GHILFLHQWLQKXPXVDQGQXWULWLYHHOHPHQWV7KHH[SHULPHQWDODUHDLVORFDWHGLQWKH$SXVHQL0RXQWDLQV
1

(7KHTrifolium repensSODQWVKDYHEHHQVHOHFWHGGXHWRWKHLUJUHDWDEXQGDQFHZLWKLQWKHFDQRS\ZLWK
YDOXHVFORVHWRWKHGRPLQDQWFestuca rubra
7KHH[SHULPHQWDOSURWRFROLVP\FRUUKL]DWLRQ[IHUWLOL]DWLRQ[WUHDWPHQW7DEOHLQWZRKDUYHVWLQJVHTXHQFHV±
DWWKHYHJHWDWLRQSHDNGD\VIURPWKHYHJHWDWLRQ¶VVWDUWDQGEHJJLQJRIZLQWHUGD\VIURPWKHYHJHWDWLRQ¶V
VWDUW)RUFRPSOHWLQJWKHLQIRUPDWLRQWKHYDOXHVRIP\FRUUKL]DWLRQRIFORYHUSODQWVZHUHWDNHQLQWRFDOFXODWLRQLQD
FRQWUROOHG HQYLURQPHQW H[SHULPHQW WKH IHUWLOL]DWLRQ YDULDQWV EHLQJ LGHQWLFDO WR WKH RQHV LQ WKH ILHOG EXW ZLWKRXW
DSSO\LQJDQ\WUHDWPHQW
7DEOH([SHULPHQWDOGHVLJQ
)DFWRU *UDGXDWLRQ
9HJHWDWLRQVHTXHQFH 3±PD[LPXPRIYHJHWDWLRQGHYHORSPHQW
 3±HQGRIYHJHWDWLRQSHULRG
)HUWLOL]DWLRQ )±XQIHUWLOL]HG
 )±PDQXUH±WKD
 )±PDQXUH±WKD13.
 )±13.
 )±(XURIHUWLOPH]RFDOF±NJKD1
 )±(XURIHUWLOPH]RFDOF±NJKD
 )±FRQLIHURXVDVK±NJKD
7UHDWPHQW 7±XQWUHDWHG±SODQWVDUHOHIWWRJURZ
 7±PRZHG
 7±=LQFVXOSKDWH
 7±PXOFK
 7±IXQJLFLGH
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$VVHVVPHQW RI P\FRUUKL]DWLRQ LV DFFRUGLQJ WR WKH IRUPXODV SURSRVHG E\ 7URXYHORW  RQ
ZZZGLMRQLQUDIUZLWKIUHTXHQF\IUHTDQGLQWHQVLW\LQWRIFRORQL]DWLRQWRZKLFKDV\QWKHWLFLQGLFDWRULV
DGGHGFDOOHGGHJUHHRIFRORQL]DWLRQFGHJREWDLQHGDVWKHSURGXFWRIIUHTXHQF\[LQWHQVLW\6WRLDQ
$OOWKHGDWDZDVDQDO\]HGXVLQJWKH56WXGLRVRIWYHUVLRQ56WXGLR7HDP7KHFOXVWHUVDVVHVVHG
WKH UHDFWLRQ VLPLODULW\GLVVLPLODULW\ RI P\FRUUKL]DO DVVRFLDWLRQ WR WKH H[SHULPHQWDO YDULDQWV ÄYHJDQ´ SDFNDJH
2NVDQHQ HW DO  $QDO\]LQJ WKH GLIIHUHQFHV EHWZHHQ WKH JURXSV ZDV SHUIRUPHG ZLWK 7XNH\ WHVW IURP WKH
ÄDJULFRODH´ SDFNDJH GH 0HQGLEXUX  )RU WKH VSDWLDO DQDO\VLV RI GDWD 3&$ W\SH RUGHULQJ ZDV XVHG WKH
LPSRUWDQFHRIIDFWRUVEHLQJVHWE\WKHLUFRUUHODWLRQZLWKWKHD[HVDQGWKHYDULDQFHH[SODLQHGE\WKHD[HVÄYHJDQ´
SDFNDJH
5HVXOWVDQG'LVFXVVLRQV
7KHIUHTXHQF\RIFRORQL]DWLRQ LQGLFDWHV WKHUDGLFXODUSHQHWUDWLRQUHSRUWHG WR WKHH[WHQWRI WKHUDGLFXODUV\VWHP
ZKLOHWKHLQWHQVLW\RIIHUVFOXHVRYHUWKHGHSWKRIWKHK\SKDOV\VWHP¶VGHYHORSPHQWLQWKHFRORQL]HGVHJPHQWV7KH
GHJUHHRIFRORQL]DWLRQGHVFULEHV WKHUDGLFXODUYROXPHRFFXSLHGE\WKHP\FRUUKL]DVQRUPDOL]LQJWKHGDWDREWDLQHG
IURP IUHTXHQF\ DQG LQWHQVLW\ DQG LQGLFDWLQJ WKH GHSHQGHQFH WRZDUGV WKH V\PELRWLF DVVRFLDWLRQ )LJ  7KH
P\FRUUKL]DO DVVRFLDWLRQ LV FDVXDO ZKHQ WKH LQWHULRU P\FHOLXP GHYHORSPHQW DQG WKH FRORQL]DWLRQ SRWHQWLDO RI WKH
QHZO\IRUPHGUDGLFXODUVHJPHQWVDUHORZ


)LJ0\FRUUKL]DOGHSHQGHQF\
7KH V\PELRVLV KDV DQ RSWLRQDO FKDUDFWHU LQ QXWULWLRQDO VWUHVV SHULRGV DQG LW¶V PDLQWDLQHG DW D GHJUHH RI
FRORQL]DWLRQRIZKLFK DOORZV WKHSODQW WR FRQWURO WKH FRORQL]DWLRQ DQG WKHQXWULWLYH HOHPHQWV WUDQVIHU WR WKH
IXQJDOSDUWQHU)LJXUH)RUDGHJUHHRIFRORQL]DWLRQRYHUZLWKEDODQFHGYDOXHVRIIUHTXHQF\DQGLQWHQVLW\
WKH V\PELRVLV KDV DPDQGDWRU\ FKDUDFWHU DQG WKH DVVRFLDWLRQ RI WKH WZR SDUWQHUV LV VWURQJ ,Q WKH FRQGLWLRQV RI
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QXWULHQWV IOXFWXDWLRQ HQYLURQPHQWDO FRQGLWLRQV KXPLGLW\ DQG WHPSHUDWXUH LQ WKH VRLO WKHP\FRUUKL]DO DVVRFLDWLRQ
EHFRPHV ORRVH ZLWK FKDUDFWHU RI HLWKHU VXSHUILFLDO H[SORUDWLRQ RI WKH FRPSOHWH UDGLFXODU V\VWHP RU LQ GHSWK
H[SORUDWLRQRIFHUWDLQQDUURZVHJPHQWVZLWKLQWKHUDGLFXODUFRUWH[
7KHV\PELRVLVUHDFWLRQWRWKHLQWHUDFWLRQIHUWLOL]DWLRQ[WUHDWPHQWLQWKHILUVW\HDULVUHODWLYHO\VLPLODULQFHUWDLQ
FRQGLWLRQVGHFUHDVLQJWKH LQGLYLGXDOL]DWLRQWRVRPHH[SHULPHQWDOYDULDQWV)LJXUH1HLWKHU WKHIHUWLOL]DWLRQQRU
WKHWUHDWPHQWVDUHVHSDUDWHGLQFOXVWHUVEXWDVWURQJLQIOXHQFHLVREVHUYHGIRUWKHVDPSOHFROOHFWLRQSKDVH0RVWRI
WKHVDPSOHV LQFOXGHGLQFOXVWHUV%DQG%DUHFROOHFWHGLQ WKHVHFRQGYHJHWDWLRQVHTXHQFHDQGLQFOXVWHU%DUH
LQFOXGHGPRVWO\VDPSOHVIURPWKHPD[LPXPYHJHWDWLRQSHULRG([SRVXUHWRWKHYDULRXVFRPELQDWLRQVWUHDWPHQWDQG
IHUWLOL]DWLRQ VWLPXODWHV WKH KHWHURJHQHRXV FKDUDFWHU RI FOXVWHUV WKH KRPRJHQHLW\ EHFRPLQJ YLVLEOH RQO\ DW WKH
P\FRUUKL]DOYHJHWDWLRQHFRQRP\OHYHO7DEOH


)LJ0\FRUUKL]DOUHVSRQVHJURXSHGE\LQWHUDFWLRQIHUWLOL]DWLRQ[WUHDWPHQW±ILUVW\HDU
7DEOH([SORUDWLRQRIP\FRUUKL]DOSRWHQWLDO±ILUVW\HDU
&OXVWHUQR &RGH )UHT ,QW &GHJ
 $ D D D
 $ E E E
 % D D D
 % F F F
 % E E E
 & D D D
 & F G G
 & D E E
 & E F F
 ' D D D
 ' D E E
 ' F H H
 ' D F F
 ' E G G
Note: Margins sharing a letter in the group label are not significantly different at the p<0.05 level

43 Vlad Stoian et al. /  Agriculture and Agricultural Science Procedia  10 ( 2016 )  39 – 46 
&OXVWHU$KDVKLJKYDOXHVRILQWHQVLW\DQGIUHTXHQF\RIFRORQL]DWLRQZKLFKSODFHVWKHYDULDQWVLQWKHDUHDRID
ORRVHDVVRFLDWLRQZLWKDPRGHUDWHLQFUHDVHGGHSHQGHQF\WRZDUGVWKHP\FRUUKL]DOSDUWQHUV7DEOH2QWKHRWKHU
KDQGFOXVWHU$KDVDVWURQJO\KHWHURJHQRXVFKDUDFWHUZLWKYDULDQWVRIZKLFKWKHV\PELRWLFFKDUWHUYDULHVEHWZHHQ
PRGHUDWH DQG FDVXDO$PRQJ WKH H[SHULPHQWDO YDULDQWV WKRVH LQFOXGHG LQ FOXVWHUV' DQG' KDYH DQ RSWLRQDO
PDQGDWRU\V\PELRVLVFKDUDFWHULQGLFDWLQJWKHVWURQJP\FRUUKL]DODVVRFLDWLRQDWWKHHQGYHJHWDWLRQSHULRG7DEOH
7KH H[WUHPH FDVH LV WKDW RI UHGXFHG SHQHWUDWLRQ FDSDFLW\ DQG LQWUDUDGLFXODU GHYHORSPHQW FOXVWHU %&' ±
IUHT LQW FGHJ 7KHLQGLYLGXDOFKDUDFWHURIHDFKFOXVWHUGLIIHUVVLJQLILFDQWO\ WR WKHRWKHUV
XQGHUOLQLQJ WKH GLVVLPLODULW\ EHWZHHQ WKH FRPELQDWLRQV IHUWLOL]DWLRQ [ WUHDWPHQW VXSHUSRVHG RQ HDFK YHJHWDWLRQ
VHTXHQFH
,Q WKH VHFRQG H[SHULPHQWDO \HDU WKH FRORQL]DWLRQ IOXFWXDWLRQV DUH PRUH REYLRXV HDFK OHYHO RI VHSDUDWLRQ RI
FOXVWHUVEULQJLQJQHZLQIRUPDWLRQUHODWHGWR WKHDVVRFLDWLRQ¶VTXDOLW\)LJXUH7DEOH$JURXSLVQRWLFHGIRUD
ODUJHQXPEHURIVDPSOHVLQWKHVHFRQGYHJHWDWLRQVHTXHQFHLQKRPRJHQRXVDQGVWDEOHFOXVWHUVVWDELOH567±
IUHT LQW FGHJ 
7KH VWDWLVWLFDO GLIIHUHQFHVEHWZHHQ WKHFOXVWHUV DUHPRUHYLVLEOH DW WKH OHYHORI UDGLFXODU FRORQL]DWLRQ LQWHQVLW\
WKDQRIIUHTXHQF\7DEOH6WLOODKRPRJHQRXVJURXSLVQRWLFHGIRUWKHYDULDQWVLQWKHPD[LPXPYHJHWDWLRQSHULRG
VWDEOH LQ H[SORUDWLRQ 78 ZLWK PHGLXPKLJK SRWHQWLDO RI UDGLFXODU SHQHWUDWLRQ EXW ORZ YDOXHV RI WKH LQWUD
UDGLFXODUGHYHORSPHQW7KUHHYDULDQWVKDYHWKHSRWHQWLDOWRPDLQWDLQWKHV\PELRVLVTXDOLW\WRDQRSWLRQDOPDQGDWRU\
OHYHO FOXVWHU8XQIHUWLOL]HG[PXOFKHG)7RUJDQLFPLQHUDO IHUWLOL]DWLRQ[IXQJLFLGH )7DQGDVK[=LQF
VXOSKDWH)7DOODWWKHHQGRIWKHYHJHWDWLRQSHULRG)LJXUH
)RUWKHFRORQL]DWLRQIUHTXHQF\)LJXUHDWKHPRVWLPSRUWDQWWUHDWPHQWVDUHPXOFKLQJDQGDOORZLQJWKHSODQWVWR
JURZ XQGLVWXUEHG 7DEOH  $SSO\LQJ IHUWLOL]DWLRQ HYHQ ZLWK VPDOO 1LWURJHQ TXDQWLWLHV ) ) ) ) ) LV
VXSHUSRVHG RYHUPXOFKLQJ DQGPRZLQJ LQ WKH ILUVW YHJHWDWLRQ VHTXHQFHZLWK WKHPDLQWHQDQFH RI YDULDQFH LQ WKH
UHGXFHGKRUL]RQWDOSODQ$WWKHHQGRIYHJHWDWLRQSHULRGWKHUHDFWLRQWRIHUWLOL]DWLRQDQGWUHDWPHQWLVPXFKVWULQJHU
HDFK W\SH RI IHUWLOL]DWLRQ VHQVLWL]LQJ WKHP\FRUUKL]DV WR D FHUWDLQ WUHDWPHQW (XURIHUWLOPH]RFDOF ) DWPRZLQJ
(XURIHUWLOPH]RFDOF1 )DW=LQFVXOSKDWHDQGIXQJLFLGHDQGPDQXUH )DQG) WRDSSO\LQJ IXQJLFLGHVRU
DOORZLQJWKHSODQWVWRJURZXQGLVWXUEHG



)LJ0\FRUUKL]DOUHVSRQVHJURXSHGE\LQWHUDFWLRQIHUWLOL]DWLRQ[WUHDWPHQW±VHFRQG\HDU

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7DEOH([SORUDWLRQRIP\FRUUKL]DOSRWHQWLDO±VHFRQG\HDU
&OXVWHUQR &RGH )UHT ,QW &GHJ
 5 D D D
 5 E E E
 6 D D D
 6 F F F
 6 E E E
 7 D D D
 7 G G G
 7 F F F
 7 E E E
 8 D D D
 8 D E E
 8 G H H
 8 F G G
 8 E F F
Note: Margins sharing a letter in the group label are not significantly different at the p<0.05 level

 

)LJ,QWHUDFWLRQWUHDWPHQW[IHUWLOL]DWLRQRQD3&$±IUHTXHQF\E3&$±LQWHQVLW\F3&$±FRORQL]DWLRQGHJUHH
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7KH P\FRUUKL]DO FRORQL]DWLRQ LQWHQVLW\ YDULHV VWURQJO\ WR WUHDWPHQW DSSOLFDWLRQ JUHDWO\ LQIOXHQFLQJ WKH
IHUWLOL]DWLRQ YDULDQWV 7DEOH  )LJ E 0XOFKLQJ SURGXFHV UHDFWLRQV RI LQWHQVLW\ WR YDULDQWV IHUWLOL]HG RUJDQLF
PLQHUDO)RUZLWKDVK)LQPD[LPXPYHJHWDWLRQSHULRG$WWKHVDPHYHJHWDWLRQSHULRGWKHRUJDQLFIHUWLOL]DWLRQ
) VWLPXODWHV WKH P\FRUUKL]DWLRQ IRU WKH PRZHG YDULDQWV )HUWLOL]DWLRQ ZLWK (XURIHUWLO PH]RFDOF DQG 1 )
SURGXFHVDGYHUVHUHDFWLRQVDQGDQDQWDJRQLVWLFHIIHFWYLVLEOHLQWKHSODQRIRUGLQDWLRQ
7DEOH3ULQFLSDOFRPSRQHQWDQDO\VLV±H[SORUDWLRQRILQWHUDFWLRQEHWZHHQWUHDWPHQW[IHUWLOL]DWLRQ[V\PELRVLV
0\FRUUKL]DO
SDUDPHWHU 3&FRGH
9DULDQFHH[SODLQHGE\
D[HV 7UHDWPHQWLPSRUWDQFHp val
3& 3& &RQWURO 0RZLQJ =QVXOSK 0XOFKLQJ )XQJLFLGH
Freq % 3&$       
Int % 3&$       
Cdeg % 3&$       
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

$QDO\]LQJWKHGHJUHHRIFRORQL]DWLRQE\3&$W\SHRUGHULQJUHYHDOVDQRUPDOL]DWLRQRIP\FRUUKL]DOUHDFWLRQWRWKH
LQWHUDFWLRQ WUHDWPHQW [ IHUWLOL]DWLRQ EXW DOVR D PD[LPL]DWLRQ RI WKH HIIHFW RI H[SHULPHQWDO JUDGXDWLRQ 7DEOH 
)LJXUHF$SSO\LQJ IXQJLFLGHV LVYHU\ZHOO VXLWHGRUJDQLFPLQHUDO IHUWLOL]DWLRQ )) DW WKHHQGRIYHJHWDWLRQ
SHULRG0XOFKLQJ LVXVHIXO DWPD[LPXPYHJHWDWLRQSHULRGZKHQDSSO\LQJPLQHUDORURUJDQLFPLQHUDO IHUWLOL]DWLRQ
))0RZLQJLVEHQHILFLDODWWKHHQGRIYHJHWDWLRQLQWKHFDVHRIIHUWLOL]DWLRQZLWKRXWQLWURJHQZKLFKOHDGVWR
DQLQFUHDVHLQGHSHQGHQF\WRZDUGVFRORQL]DWLRQ7KH=LQFVXOSKDWHDFWVUHVWULFWLYHO\IRUPRVWIHUWLOL]DWLRQHVSHFLDOO\
GXULQJWKHPD[LPXPYHJHWDWLRQSHULRG
&RQFOXVLRQV
$SSO\LQJ FOXVWHU W\SH DQDO\VLV LQGLYLGXDOL]HV WKH JURXSVZLWK VLPLODU UHDFWLRQV WR WUHDWPHQWV DQG H[SHULPHQWDO
IHUWLOL]DWLRQ
6HOHFWLQJ WKH YDULDQWV ZLWK PD[LPXP VXFFHVV PD\ EH SHUIRUPHG EDVHG RQ WKH LQIOXHQFH OHYHO RI D FHUWDLQ
LQGLYLGXDOIDFWRURUDVDQDPSOLILHURIDFRPSOH[IDFWRUVV\VWHP
7KH FRQFHSW RI VKRUW WHUP KLJK H[SHULPHQW FDQ EH VXFFHVVIXOO\ DSSOLHG LQ WKH DVVHVVPHQW RI P\FRUUKL]DO
IOXFWXDWLRQVGXHWRWKHPDQDJHPHQWDSSOLHGLQJUDVVODQGV
'DWDEDVHV UHVXOWLQJ IURP H[SHULPHQWDWLRQ SURYLGH ODUJH DPRXQW RI YLDEOH VROXWLRQV IRU PDLQWHQDQFH RU
PRGLILFDWLRQVRIWKHSODQWV\PELRWLFVWDWXV
5HIHUHQFHV
$HUWV5+RQQD\2)RUHVWUHVWRUDWLRQELRGLYHUVLW\DQGHFRV\VWHPIXQFWLRQLQJ%0&(FRO±GRL
GH 0HQGLEXUX )  DJULFRODH 6WDWLVWLFDO 3URFHGXUHV IRU $JULFXOWXUDO 5HVHDUFK 5 SDFNDJH YHUVLRQ  KWWS&5$15
SURMHFWRUJSDFNDJH DJULFRODH
(KUPDQQ-5LW].3ODQWVRLOLQWHUDFWLRQVLQWHPSHUDWHPXOWLFURSSLQJSURGXFWLRQV\VWHPV3ODQW6RLO'2,V
.DLVHU&.LOEXUQ05&ORGH3/)XFKVOXHJHU/.RUDQGD0&OLII-%6RODLPDQ=00XUSK\'9([SORULQJWKHWUDQVIHURI
UHFHQWSODQWSKRWRV\QWKDWHVWRVRLOPLFUREHVP\FRUUKL]DOSDWKZD\YVGLUHFWURRWH[XGDWLRQ1HZ3K\WRORJLVWGRLQSK
/LX:-LDQJ6=KDQJ<<XH6&KULVWLH30XUUD\3-/L;=KDQJ-6SDWLRWHPSRUDOFKDQJHVLQDUEXVFXODUP\FRUUKL]DOIXQJDO
FRPPXQLWLHV XQGHU GLIIHUHQW QLWURJHQ LQSXWV RYHU D \HDU SHULRG LQ LQWHQVLYH DJULFXOWXUDO HFRV\VWHPV RQ WKH 1RUWK &KLQD 3ODLQ )(06
0LFURELRORJ\(FRORJ\±GRL
0F&RUPDFN0//DYHO\(0D=)LQHURRWDQGP\FRUUKL]DOWUDLWVKHOSH[SODLQHFRV\VWHPSURFHVVHVDQGUHVSRQVHVWRJOREDOFKDQJH
1HZ3K\WRORJLVW±GRLQSK
2NVDQHQ-%ODQFKHW)*.LQGW5/HJHQGUH30LQFKLQ352
+DUD5%6LPSVRQ*/6RO\PRV3+HQU\06WHYHQV+:DJQHU+
YHJDQ&RPPXQLW\(FRORJ\3DFNDJH5SDFNDJHYHUVLRQKWWS&5$15SURMHFWRUJSDFNDJH YHJDQ
3HL\X / +DQ ; :DQJ < +DQ 0 6KL + /LX 1 %DL +  ,QIOXHQFH RI ORQJWHUP IHUWLOL]DWLRQ RQ VRLO PLFURELDO ELRPDVV
GHK\GURJHQDVH DFWLYLW\ DQG EDFWHULDO DQG IXQJDO FRPPXQLW\ VWUXFWXUH LQ D EURZQ VRLO RI QRUWKHDVW &KLQD $QQDOV RI0LFURELRORJ\ '2,
V
3HWHUVRQ5/0DVVLFRWWH+%0HOYLOOH/+0\FRUUKL]DV$QDWRP\DQG&HOO%LRORJ\&$%,3XEOLVKLQJ:DOOLQJIRUG
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56WXGLR7HDP56WXGLR,QWHJUDWHG'HYHORSPHQWIRU556WXGLR,QF%RVWRQ0$85/KWWSZZZUVWXGLRFRP
6WRLDQ+97KHVWXG\RIP\FRUUKL]DOV\PELRVLVLQVRPHJUDVVODQGHFRV\VWHPVIURPWKH$SXVHQL0RXQWDLQV3KGWKHVLV±86$09&OXM
1DSRFD
6XQ ; 6X < =KDQJ < :X 0 =KDQJ = 3HL . 6XQ / :DQ 6 /LDQJ <  'LYHUVLW\ RI DUEXVFXODU P\FRUUKL]DO IXQJDO VSRUH
FRPPXQLWLHV DQG LWV UHODWLRQV WRSODQWVXQGHU LQFUHDVHG WHPSHUDWXUH DQGSUHFLSLWDWLRQ LQ DQDWXUDOJUDVVODQG&KLQHVH6FLHQFH%XOOHWLQ

7UHVHGHU..7KHH[WHQWRIP\FRUUKL]DOFRORQLVDWLRQRIURRWVDQGLWVLQIOXHQFHRQSODQWJURZWKDQGSKRVSKRUXVFRQWHQW3ODQW6RLO±

9DUPD$HG0\FRUUKL]D6WDWHRIWKH$UW*HQHWLFVDQG0ROHFXODU%LRORJ\(FR)XQFWLRQ%LRWHFKQRORJ\(FR3K\VLRORJ\6WUXFWXUH
DQG6\VWHPDWLFVUGHGQ6SULQJHU+HLGHOEHUJ
9LGLFDQ56WRLDQ95RWDU,3ăFXUDU)7KHYDULDWLRQRIP\FRUUKL]DOFRORQL]DWLRQSDUDPHWHUVLQ)HVWXFDUXEUDXQGHUWKHLQIOXHQFHRI
FOLPDWLFIDFWRUVDQGGLIIHUHQWLDWHGIHUWLOL]DWLRQ%XOOHWLQRI8$690&OXM1DSRFD&OXM1DSRFD5RPDQLD
;LDQJ'9HUEUXJJHQ(+X<9HUHVRJORX6'5LOOLJ0&=KRX:;X7/L++DR=&KHQ<&KHQ%/DQGXVHLQIOXHQFHV
DUEXVFXODU P\FRUUKL]DO IXQJDO FRPPXQLWLHV LQ WKH IDUPLQJ±SDVWRUDO HFRWRQH RI QRUWKHUQ &KLQD 1HZ 3K\WRORJLVW  ± GRL
QSK
KWWSZZZGLMRQLQUDIUP\FKLQWHF3URWRFROH:RUNVKRSB3URFHGXUHVKWPO
